Haemodynamic and ventilatory responses, during multilevel bicycle exercise and during multilevel symptomlimited treadmill exercise, were compared in 8 patients with coronary heart disease and in one sedentary middle-aged man, at known percentages of each subject's maximal oxygen uptake (Po2max), determined on a treadmill.
Haemodynamic and ventilatory responses, during multilevel bicycle exercise and during multilevel symptomlimited treadmill exercise, were compared in 8 patients with coronary heart disease and in one sedentary middle-aged man, at known percentages of each subject's maximal oxygen uptake (Po2max), determined on a treadmill.
When comparisons were made at the same percentages of Vo2max on treadmill or bicycle, we found higher arterial mean pressure, heart rate, pressure-rate product, peripheral vascular resistance, and pulmonary ventilation during bicycle exercise. Cardiac output was the same and stroke volume was lower on the bicycle.
We conclude that in terms of arterial blood pressure and pressure-rate product, all conditions being as mentioned above, bicycle exercise constitutes a greater stress on the cardiovascular system at any given oxygen uptake than does treadmill exercise.
The mechanism of the observed differences in the responses to the two types of exercise may reflect potentiation of normal reflexes initiated by working muscles when arterial inflow is impeded by more vigorous contractions, especially in individuals not conditioned for bicycling. The clinical importance of these findings in relation to the evaluation of exercise performance ofpatients with cardiovascular disease is that slightly higher values of f02max are achieved with slightly less haemodynamic stress on the diseased left ventricle with treadmnill exercise.
Inasmuch as normally there are greater circulatory and ventilatory responses to bicycle exercise in terms of heart rate and pulmonary ventilation at submaximal exercise and in terms of blood pressure at maximal exertion (Hermansen, Ekblom, and Saltin (1970) , yet lower limits of oxygen uptake (Vo2) and cardiac output ((Q) This study was designed to compare the haemodynamic responses, primarily of patients with coronary heart disease, to bicycle and treadmill exercise performed within one to two hours. In order to obtain valid comparisons, data were selected from a series of observations to represent responses to exercise on both bicycle and treadmill with similar relative aerobic requirements, or percentages of highest possible oxygen uptake (Vo2max) for each person.
Subjects and methods
Physical and clinical characteristics of i normal middleaged man and 8 patients with coronary heart disease are shown in Table I . None of the subjects had valvular heart disease, was anaemic, or had evidence of pulmonary disease by chest x-ray and pulmonary functional screening tests. None of them suffered from intermittent claudication or from skeletomuscular disease limiting exercise performance. None was treated with digitalis or beta-blocking agents for at least two weeks before the study. Physical activity status was defined as active if the (Bruce, Kusumi, and Hosmer, 1973) (Kusumi, Butts, and Ruff, I973) , of arterial and mixed venous blood (sampled from the brachial or radial and from the pulmonary artery). After placement of the catheters, the subjects (except one, who performed the treadmill test first) were seated on a Monark bicycle ergometer. Saddle height was adjusted as chosen by the subject. The subjects were allowed to hold the handlebars with both hands, but were cautioned against a strong handgrip. Lowest workload and increases in workload were adjusted to the circulatory and physical capacity of each subject, as evaluated during the control treadmill test, in order to obtain at least four measurements within the subject's functional limits. Thus, the rates of increase in workload ranged from I2-5 to 50 watts.
Each workload was kept constant for 4 minutes, except the highest workload which was usually terminated after 3 minutes. Measurements were taken at rest, while pedalling against o watts, in the last minute of each workload and in the last 2 to 3 minutes of exercise. After an hour of supine bed rest, the subjects performed a multilevel symptom-limited treadmill test. Six subjects started at stage 1/2 (I-7 miles/hr, 5% gradient) and 3 started at stage I (1-7 miles/hr, io% gradient). Thereafter the test followed the standardized procedure as described (Bruce et al., 1973) . Measurements were taken while standing at rest, in the last minute of each stage, and in the last 2 to 3 minutes of exercise. Durations of these treadmill tests are not comparable with those of the control treadmill tests because the patients could rest some weight on an arm support, necessary to keep the catheterized arm in a steady position. After completion of the treadmill test, the catheters were removed and the subjects were kept under medical supervision for at least two hours and were then discharged from the hospital. No complications occurred.
The data were analysed with reference to per cent Vo2max, which expresses absolute I02 as a percentage of the highest Vo2 observed during maximal treadmill Abbreviations: AV 02 D = arterial mixed venous oxygen difference; HR = heart rate; PA=mean pulmonary arterial pressure; PR = pressure rate product; Q=cardiac output; PsA= mean systemic arterial pressure; SV = stroke volume; VE = total ventilation; Vo02= oxygen uptake; VTo0max = maximal oxygen uptake. rate product were higher during exercise on the bicycle than on the treadmill ( Fig. i and 2) .
Pertinent baseline haemodynamic data from sitting at rest on the bicycle and standing at rest on the treadmill before exercise are given in (Lind et al., I964; Bruce et al., I968; Siegel et al., 1972) . For our subjects, this should not have been an important contributory factor, because we cautioned them to avoid any gripping of the handlebar, which may occur during strenuous bicycle exercise. If present at all, these factors should not have been more important than in the investigation of Hermansen et al. (I970) , who found in I3 young normal men significant differences in FSA between bicycle and treadmill exercise at maximal effort, but not at submaximal exercise levels. At submaximal levels, however, they also found a trend towards higher heart rate and lower stroke volume for the same 2 on the bicycle, together with greater pulmonary ventilation.
Thus, there are similar qualitative differences between the two forms of exercise in normal young men and middle-aged men with coronary heart disease, but the magnitude of difference, at least in PSA, iS greater in the latter. Explanations may lie in the pathophysiology of cardiovascular function in patients with ischaemic heart disease and with hypertension, but no direct attempt was made to answer specific questions in this regard. However, similar findings in one healthy, middle-aged man with only slightly raised diastolic blood pressure suggest normal circulatory regulation in our subjects. If the muscular pain in the muscles of the thighs, which usually occurred during bicycle exercise in our subjects, indicated high muscle tension and muscle ischaemia, then a possible explanation of their hypertensive and hyperventilatory responses is that these factors caused potentiation of normal reflex mechanisms originating from working musculature when arterial inflow is impeded (Asmussen and Nielsen, I964; Lind et al., I964) .
However, greater PSA responses on the bicycle were also measured in the absence of leg or thigh pain or before such pain developed. A possible explanation for differences between these measurements and the findings in young men (Hermansen et al., 1970) is that in our middle-aged men the leg musculature was not conditioned for bicycling, but was relatively well conditioned for walking. Therefore, during bicycling there was a greater strain on muscle groups or individual muscle fibres in the legs and this evoked increased stimuli for reflex mechanisms (Paterson, I928; Coote, Hilton, and PerezGonzales, I97I) . In contrast, on the treadmill the strain may have been more uniformly distributed over a greater mass of working muscles.
The data, in conclusion, indicate that in our subjects bicycle exercise caused greater ventilatory responses and constituted a greater stress in terms of arterial blood pressure and pressure-rate product than did comparable treadmill exercise.
These findings are of clinical importance, as they indicate that in some patients with ischaemic heart disease treadmill exercise may allow achievement of appreciably higher Vo2 than does bicycle exercise.
This also applies to patients who are limited by angina pectoris, of which the onset is often closely related to a given pressure rate product (Robinson, I967).
Even at maximal exertion on the treadmill, PSA may not exceed values measured on the bicycle at relatively low workloads. This can have significant implications with respect to relative hazards in the type of stress testing or exercise conditioning used for older healthy persons or for patients with cardiovascular disease, such as angina pectoris or arterial hypertension. Also a lower arterial pressure for a given aerobic requirement may diminish the frequency and severity of exertional arrhythmias (Gey et al., 1973) . 
